Abstract: Genetic diversity and phylogenetic analyses of 24 species, representing nine sections of the genus Galium (Rubiaceae), have been made using the Inter Simple Sequence Repeats (ISSR), Randomly Amplified Polymorphic DNA (RAPD), and combined ISSR and RAPD markers. Four ISSR primers and three RAPD primers generated 250 polymorphic amplified fragments. The results of this study showed that the level of genetic variation in Galium is relatively high. RAPD markers revealed a higher level of polymorphism (158 bands) than ISSR (92 bands). Clustering of genotypes within groups was not similar when RAPD and ISSR derived dendrograms were compared. Six clades can be recognized within Galium, which mostly corroborate, but also partly contradict, traditional groupings. UPGMA-based dendrogram showed a close relationship between members of section Leiogalium with G. verum and G. humifusum (sect. Galium), and G. angustifolium (sect. Lophogalium). Principal coordinated analysis, however, showed some minor differences with UPGMA-based dendrograms. The more apomorphic groups of Galium form the section Leiogalium clade including the perennial sections Galium, Lophogalium, Jubogalium, Hylaea and Leptogalium as well as the annual section Kolgyda. The remaining taxa of Galium are monophyletic.
Introduction
Rubiaceae is the fourth-largest angiosperm family, comprising approximately 660 genera and 11,500 species and classified into 42 tribes (Robbrecht & Manen 2006; Soza & Olmstead 2010a) . Most of the family is tropical and woody. Rubieae is the only tribe centered in temperate regions, but has cosmopolitan distribution. Most of its members are herbaceous and adapted to xeric habitats (Robbrecht 1988; Jansen et al. 2000) . Rubieae is a monophyletic group, sharing both morphological and molecular synapomorphies (Manen et al. 1994; Natali et al. 1995 Natali et al. , 1996 Bremer 1996; Andersson & Rova 1999; Bremer & Manen 2000; Nie et al. 2005; Backlund et al. 2007; Bremer & Eriksson 2009 ). However, classification and identification within Rubieae have been problematic, especially for the larger genera Asperula and Galium. A number of taxa within Asperula appear morphologically similar to Galium, differing only in corolla tube length, and these have been transferred from Asperula to Galium (Ehrendorfer 1958; Natali et al. 1995; Ehrendorfer et al. 2005; Abdel Khalik & Bakker 2007) .
Galium L. is one of the largest genera of Rubieae with more than 400 species included into 16 sections containing annual and perennial herb that are distributed in temperate and tropical regions of the world (Willis 1985; Mabberley 1987) . Galium itself is problematic taxonomically, because taxa from different sections exhibit similar habit, many species are widely distributed and polymorphic, and species groups often are poorly differentiated both morphologically and geographically (Schischkin 2000) . This genus was described by Linnaeus (1753) who established the occurrence of 26 species. He divided them into two groups according to fruit type (glabrous and hispid). Boissier (1881) considered 90 species and divided them into three sections (Eugalium, Aparine and Cruciata) and 11 subsections. Ehrendorfer et al. (1976) recognized 145 species for European flora, classifying into 10 sections. Ehrendorfer & Schönbeck-Temesy (1982) listed for the flora of Turkey 101 species divided into 10 sections.
In Egypt, Tackholm (1974) named 12 species of Galium, Boulos (1995 Boulos ( , 2000 recognized only 10 species. Abdel 2008a, b, c) studied 13 Egyptian taxa of Galium by different means such as morphological characters, including vegetative parts, flowers, fruits, seeds, pollen grains, anatomical structure. Numerical analysis was conducted, and they classified these species into groups.
Molecular markers are useful in identifying the maximally diverse parental genotypes through an eval- Table 1 . List of the studied species of Galium sited according to traditional Boissier (1881) , more recent traditional (Ehrendorfer & Schönbeck-Temesy 1982; Ehrendorfer et al. 2005 ) and a recent phylogenetic classification based on molecular data (Soza & Olmstead 2010b Li et al. 2005) , to identify and determine relationships at the species, population and cultivar levels in many plants (Pezhmanmehr et al. 2009; Manica-Cattani et al. 2009; Nan et al. 2003; Fracaro et al. 2005; Mattioni et al. 2002; Zhang & Dai 2010) , genetic diversity studies (Qian et al. 2001; Pradeep et al. 2005; Josiah et al. 2008; Parmaksız &Özcan 2011; Xavier et al. 2011; Shen et al. 2012; Aghaabasi & Baghizadeh 2012; Buldewo et al. 2012; Abdel Khalik et al. 2012) , which utilize the advantages of the two molecular marker techniques, reduce potential errors connected with each method and hence improve the reliability of results. Literature review also revealed that the phylogenetic (molecular markers, ISSR and RAPD) investigation of the Galium species have not been documented until now. We focused on Egyptian species and related species of this genus to compare and align species with genetic markers.
The present study describes the genetic variability found by using RAPD and ISSR as the combined results would be more credible to analyze the genetic structure of Galium species of Egypt and related species.
Material and methods

Plant materials
The samples of Gallium seeds were taken from wild populations and some herbarium specimens. Voucher specimens of the populations studied are deposited in the herbarium of the Department of Botany of Sohag University (SHG) ( Table 1) .
Plant genomic DNA extraction Total genomic DNA was extracted from germinated seeds. These were first ground into a fine powder in liquid nitrogen using a pestle and mortar following the steps of CTAB protocol (Doyle & Doyle 1990; Doyle 1991) .
Random Amplified Polymorphic DNA (RAPD) analysis RAPD was performed as described by Huang et al. (2000) and Abd El-Twab & Zahran (2008) . PCR reactions were carried out with several primers using 25 µL volume PCR mixture containing 2.5 µL of buffer (Taq DNA polymerase complete high specificity reaction buffer), 2.5 µL dNTPs (from 10 mM stock, Bioron International, Germany), 12 ng primers (Operon Nippon EGT Co. Ltd.), 1 U DFS-Taq DNA polymerase (Bioron International, Germany) and 100 ng of DNA ( Table 2 ). The thermal cycler (Thermo Hybaid) was operated as follows: 1 cycle at 95
• C for 5 min followed by 40 cycles at 95 Inter Simple Sequence Repeats (ISSR) analysis ISSR procedure was achieved as described by Dogan et al. (2007) . PCR amplification was carried out with several primers using 100 ng of genomic DNA ( Table 2 ). The 25 µL PCR mixture contained 2.5 µL of buffer (Taq DNA polymerase complete high specificity reaction buffer (10X) containing 500 mM KCl, 100 mM TrisHCl pH 8, 0.1% 20 and 15 mM MgC12, Bioron International, Germany), 2.5 µL dNTPs (from 10 mM stock, Bioron International, Germany), 12 ng primers (Operon Nippon EGT CO. LTD.) 1 U DFS-Taq DNA polymerase (Bioron International, Germany), and 100 ng of DNA. The thermal cycler was operated as follows: 1 cycle at 94 Gel-electrophoretic analysis Gel electrophoresis following Abd El-Twab & Zahran (2008) was used to determine the presence/absence of the total genomic DNA and size of the DNA fragments after RAPD and ISSR loaded using loading buffer in 1.5% Agarose Gel, which carries DNA from negative to positive side. DNA was stained in gel by ethidium bromide (0.5 µg mL −1 ), that combines with DNA fragments and gives violet light under UV light, at that time; photographs were taken using a digital system (Past software) (Fig. 1) .
Data analysis RAPD and ISSR markers produce DNA amplification signals that can be converted into measurements of similarity or dissimilarity (DNA electrophoretic patterns contain visible bands assigned to specific positions in an individual lane). Pairwise similarity of the genotypes or genetic phenotypes represented in the different lanes can be quantified using indexes or coefficients of similarity. These estimators define genetic distances that portray DNA divergence between organisms in phenetic and cladistic analyses (Huang et al. 2000) . For each primer, the consistent amplified products were recorded. The polymorphic fragments (RAPD and ISSR) were named by the primer code followed by the size of the amplified fragment in base pairs. For phylogenetic analysis, each amplified band was treated as a unit character regardless of its intensity and scored in terms of a binary code, based on presence (1) and absence (0) of bands. Only clear and reproducible bands were considered for scoring. For phylogenetic analysis, all the members of Galium were included. To analyse data obtained from the binary matrices, the NTSYS-pc version 2.1 statistical package (Rohlf 2000) was used. Three datasets were used, viz. RAPD, ISSR, and combined datasets of RAPD and ISSR. The statistical method took into account the presence or absence of each band as differential features. The binary qualitative data matrices were then used to construct similarity matrices based on Jaccard similarity coefficients (Jaccard 1908 ). The similarity matrices were then used to construct dendrograms using unweighted pair group method with arithmetic average (UPGMA).
To compare RAPD-and ISSR-based dendrograms, cophenetic matrices were derived from the dendrograms using the COPH (cophenetic values) program, and the goodness of fit of the clustering to the 2 data matrices was calculated by comparing the original similarity matrices with the cophenetic value matrices using the Mantel matrix correspondence test (Mantel 1967) in the MXCOMP program. Principal co-ordinate analysis (PCOORDA) was performed based on the similarity coefficients. Lastly, a combined dataset was prepared using both RAPD and ISSR data and used to calculate the combined similarity matrix, which was ultimately used to construct the phylogenetic tree and PCOORDA. The combined phylogenetic tree was compared with RAPD-and ISSR-based trees using the Mantel matrix correspondence test.
Results
RAPD analysis
Twenty six primers were used for the RAPD analysis to investigate the pattern of genetic variation among 24 species of the genus Galium growing wild in Egypt and related species. Among the primers tested only three revealed a polymorphism (Table 2) . Each of these primers was tested on all samples studied and were selected for genotype analysis because their patterns were reproducible and stable. Polymorphic bands were selected for identifying the genetic similarity for the group of species. One hundred and fifty eight reproducible polymorphic bands were produced after 3 RAPD-PCR primers. The average similarity coefficient ranged from 0.49 to 1.00. The highest number of polymorphic amplification DNA fragments obtained per primer C was 61 bands with size ranged from 200 to 1500 bp (Table 2). Relations between the studied taxa are presented in a dendrogram built on the basis of similarity coefficients. For ease of comparison, the 158 bands were taken together and the number of bands from each size of DNA fragments (bp) was scored for every species. Six main branches and clusters with about 0.61 similarity were obtained (Fig. 2) . (1) 
ISSR analysis
In total 18 primers for the ISSR were used to investigate the pattern of genetic variation among 24 species of the genus Galium growing wild in Egypt and related species. Among the primers tested only four (Table 2) produced clear bands and had reproducibility, so they were selected for further analysis. A total number of 92 reproducible polymorphic bands were resulted after 4 ISSR primers; those bands were used for studying the genetic similarity among the species. The average similarity coefficient was ranged from 0.59 to 0.95. The results showed that primer ISSR 17 was monomorphic and the rest of the primers polymorphic. The highest number of polymorphic amplification DNA fragments obtained per primer ISSR 16 was 50 bands with size ranged from 100 to 1500 bp, while the lowest number of 5 bands were generated with primer ISSR 17 ( Table 2) . The results of the consensus tree from ISSR data indicated that tree was divided into 7 main branches and clusters with 0. 77 similarity (Fig. 3) . (1) Galium parisiense. (6) A major cluster includes Galium tricornutum, Galium album subsp. pycnotrychum, G. grande, G. uniflorum, G. cannum, G. humifusum and G. murale with about 0.80 similarity. (7) A major cluster divided into 2 sub-clusters with about 0.82 similarity: first sub-cluster with Galium sinaicum, G. angustifolium subsp. angustifolium, G. odoratum, G. asparagifolium, G. circae and G. glaucum with about 0.86 genetic similarity; second sub-cluster includes Galium mollugo, G. verum, G. obliquum, G. lucidum, G. scabrifolium and G. album subsp. album with 0.83 similarity.
Combined RAPD and ISSR analysis
The UPGMA dendrogram obtained from the cluster analysis of RAPD and ISSR combined data gave near similar clustering pattern, with Jaccard's similarity coefficient ranging from 0.58 to 0.95. The results indicated that the consensus tree was divided into 6 major clusters and branches with 0.66 similarity and confirmed by PCOA (Figs 4, 5) . The groups corresponding with species were clearly defined by the first and second principal coordinates which represented 16% and 11% of total variation, respectively. (1) A branch includes Galium aparine. (2) A branch comprises Galium setaceum. (3) A branch contains Galium sinaicum. (4) A cluster with Galium grande and G. tricornutum. (5) A cluster includes Galium mollugo, G. verum, G. album subsp. pycnotrychum, G. lucidum and G. scabrifolium. (6) A major cluster divided into 2 sub-clusters with about 0.70 similarity: first sub-cluster with Galium odoratum, G. album subsp. album, G. obliquum and G. parisiense with about 0.75 genetic similarity; second sub-cluster includes Galium uniflorum, G. spurium, G. humifusum, G. canum, G. murale, G. angustifolium subsp. angustifolium, G. circae, G. schultesii, G. asparagifolium and G. glaucum with 0.71 similarities.
Discussion
Morphological characters in plants may be affected by environmental conditions. Thus, the use of morphological characters for classification may result in discrepancies. Productivity of a molecular marker technique depends on the amount of polymorphism it can detect among the set of accessions under investigation. RAPD and ISSR markers have been used in many studies for DNA fingerprinting and phylogenetic analyses. Galvan et al. (2003) concluded that ISSR would be a better tool than RAPD for phylogenetic studies. The present study, however, has demonstrated that both RAPD and ISSR technique along with suitable statistical tools could be successfully applied to assess the genetic diversity and phylogenetic analysis in Galium. Although RAPD and ISSR markers showed considerable differences in detecting polymorphism and discriminating capacity, they showed nearly similar topology in dendrograms generated on the basis of similarity matrices. A highly significant correlation between these two dendrograms suggested that both markers were equally efficient for assessing phylogenetic relationships among the investigated taxa. Moreover, the genotype distribution on the consensus tree based on the combined banding patterns of RAPD and ISSR may significantly differ because it is possible that each technique amplify different parts of the genome. The RAPD markers cover the whole genome for amplification, ISSR amplify the region between two micro satellites. Hence, the polymorphisms reflect the diversity of these regions of the genome. It is therefore better to use the combination of banding patterns of the two techniques in order to use more segments sites of the genome that will increase the validity of the consensus tree. In general, our results obtained from the RAPD and ISSR analyses, suggested groups and partially confirmed the sectional classification of Galium by the most recent traditional (Ehrendorfer & Schönbeck-Temesy 1982; Ehrendorfer et al. 2005 ) and a recent phylogenetic classification based on molecular data (Soza & Olmstead 2010b) .
Sections Leiogalium, Galium and Lophogalium (groups 1 and 4 B) According to the combined RAPD and ISSR tree (group 1) there is a close relationship between four species of section Leiogalium (G. mollugo, G. album subsp. pycnotrychum, G. lucidum and G. scabrifolium) and one species (G. verum) of section Galium with 0.70 genetic similarities. These species are morphologically similar in the leaves structure by having consistently whorled leaves with six or more organs. Kliphuis (1986) presented a cytological and morphological analysis of 19 species of Galium from the Balkans, and he classified the species of sectionLeiogalium into four groups and counted Galium mollugo (2n = 22), G. album (2n = 44), G. lucidum (2n = 44) and G. scabrifolium (2n = 22). Also, he concluded that G. mollugo and G. album constituted a polyploid complex. Moreover, Manen et al. (1994) investigated phylogenetic analysis of 25 species of the tribe Rubieae using sequence data from the atpB-rbcL intergene region. They showed very little change in the intergene cpDNA region in the perennials studied from section Galium (G. verum, 2x, 4x, Eurasian) and section Leiogalium which is a polymorphic Mediterranean-European polyploidy complex with [G. mollugo (2x), G. album (4x), G. lucidum (4x), and G. corrudifolium (2x)]. Natali et al. (1995) presented phylogenetic analysis of 39 species of the tribe Rubieae using sequence data from the atpB-rbcL intergene region. They showed that the section Leiogalium including G. mollugo, G. album, G. corrudifolium and G. lucidum was closely related to the section Galium (with G. verum) and exhibited practically no sequence differences. Furthermore, Mitova et al. (2002) presented iridoid patterns in 19 species of Galium. They treated G. mollugo and G. album as one group and included secogalioside 18 that considered it as an important chemotaxonomic marker. Also, they showed the affinity of G. verum to the groups of G. mollugo and G. album by presence of loganin 13 and 6 acetylscandoside 8. Likewise, Soza & Olmstead (2010b) studied phylogenetically 126 old and new world taxa of Rubieae using sequence data from three chloroplast regions. They indicated seven major clades and identified one clade (Clade D) comprising members of section Galium (G. verum) and sect. Leiogalium (G. mollugo, G. album, and G. lucidum).
Within the subgroup 4B, species of section Leiogalium (G. glaucum, G. asparagifolium, G. schultesii and G. circae) and one species of section Lophogalium (G. angustifolium) have been recognized as a distinct sub-group with 0.84 genetic similarities. These species can be clearly defined on the basis of various features: perennials, forming rhizomes with sexual and vegetative reproduction, polyploids, and with narrow leaves, mesoxerophylous plants. Ančev & Krendl (2011) investigated the 18 species of section Leiogalium in Bulgaria based on morphology and chromosome numbers and considered G. glaucum (4x = 44), G. asparagifolium (4x = 44) and G. schultesii (6x = 66) as polyploids. Within section Leiogalium reticulate relationships and affinities linked to hybridization, polyploidy, and active recent evolutionary differentiation are obvious. On the other hand, G. angustifolium (sect. Lophogalium) is characterized as a perennial herb, bearing linear leaves with apically directed, short hairs along the margins and polyploid (Ehrendorfer 1956; Dempster 1993) .
Additionally, Galium humifusum (sect. Galium) separated with above members with 0.77 genetic similarities. Natali et al. (1995) suggested the monophyly of the clade represented by perennial sections Galium, Leiogalium, Leptogalium, Hylaea and the annual Kolgyda. Mitova et al. (2002) have found iridoid esters with p-hydroxyphenylpropoionic acid, loganin 13 and 6-acetylscandoside 8 which are found also in G. verum and members of section Leiogalium. These results reflect the close relationship between G. humifusum with members of section Leiogalium. Since our results are inherited data, and we suggest that (1) species of section Leiogalium form a polyphyletic group, and (2) there are close relationships between members of this section with G. verum and G. humifusum (sect. Galium) and G. angustifolium (sect. Lophogalium). Therefore, these data agree with those of Manen et al. (1994) , Natali et al. (1995) , Mitova et al. (2002) and Soza & Olmstead (2010b) .
Section Jubogalium (groups 2, 4B and 5) Concerning the clades of G. canum, G. setaceum and G. sinaicum, our results do not support the monophyly of the artificial section Jubogalium. This is due to the placement of Galium sinaicum, G. canum and G. setacum within three separate clades with 0.84 genetic similarities. Boissier (1881) classified these species into two sections on the basis of annual or perennial habit, flowers hermaphrodite or polygamous, and peduncle erect or recurved: sect. Aparine and sect. Eugalium. He placed G. setaceum in the former, with annual habit, flower hermaphrodite or polygamous and peduncle erect or recurved, while G. canum and G. sinaicum were placed in the second section on the basis of perennial habit, flower hermaphrodite and erects peduncle. Furthermore, Ehrendorfer et al. (1976) and Ehrendorfer & Schönbeck-Temesy (1982) placed those three species in a separate section (Jubogalium). Abdel studied the pollen morphology of Galium in Egypt and indicated that G. canum has 5-7 colpi, G. sinaicum 5-6 colpi and G. setaceum 6-7 colpi. Furthermore, Abdel Khalik et al. (2008b) investigated the fruit and seed morphology of 13 Egyptian species of Galium and showed that mericarp surface is micropapillate inG. sinaicum, with hooked or depressed hairs in G. setaceum and with long white straight hairs in G. canum. Moreover, Abdel Khalik et al. (2008c) investigated 50 morphological characters, including vegetative parts, flowers, fruits, seeds, pollen grains, and anatomical structure by means of numerical analysis, of 13 taxa belonging to genus Galium from Egypt. They concluded that species of section Jubogalium are heterogeneous. Our results disagree with those of Boissier (1881), Ehrendorfer et al. (1976) and Ehrendorfer & Schönbeck-Temesy (1982) , and agree with Abdel Khalik et al. ( , 2008a .
Section Kolgyda (groups 3, 4, and 6) Within Kolgyda group, three major clades were identified (Fig. 4) . The first clade includes Galium tricornutum; the second clade includes G. aparine and the third clade contains G. parisiense, G. murale and G. supurum with 0.70 genetic similarities. Boissier (1881) treated G. aparine, G. tricornutum, G. spurium, G. murale and G. parisiense as members of section Aparine, and classified them in different subsections. However, Ehrendorfer et al. (1976) and Ehrendorfer and Schönbeck-Temesy (1982) considered these taxa as good members in section Kolgyda (synonym of sect. Aparine). Ehrendorfer (1971) considered the autogamous G. aparine complex as probably originating by allopolyploidy from three racial stocks of Southwest Asian origin. The species seems to include tetraploid, hexaploid and octaploid cytotypes (2n = 42, 44, 48, 62, 66 and 68) . Hanf (1983) showed that variants of G. spurium with setose fruits, besides the flower characters and the diploid chromosome number are often not easy to distinguish from G. aparine. Also, Kliphuis (1986) investigated the section Kolgyda and including Galium aparine (2n = 42, 44, 48, 64, 66) and G. parisiense (2n = 22, 44, 66) , and concluded that both species constituted a polyploid complex. Natali et al. (1995 Natali et al. ( , 1996 exhibited that G. aparine, G. spurium and G. tricornutum were joined together in the same clade.
With Egyptian material, Abdel indicated that G. aparine has 7-9 colpi, G. spurium 6-8 colpi, G. murale 6-7 colpi, G. parisiense 8-10 colpi, and G. tricornutum 8-9 colpi. Moreover, Abdel Khalik et al. (2008c) settled that results of both cluster and PCO-ORDA analyses confirmed the group of G. aparine, G. tricornutum, G. ceratopodum and G. spurium as a well-distinguished group and showed that G. aparine and G. tricornutum form a subgroup, and another subgroup includes G. ceratopodium and G. spurium. Similarly, Soza & Olmstead (2010b) identified one clade (Clade III) comprising members of section Kolgyda with other sections, but under this clade (III) distinguished two subclades (A and B) ; subclade A included G. aparine and G. tricornutum and subclade B comprised G. murale and G. parisiense; unfortunately, they did not included G. spurium in their study. In general, our results mainly do not support the taxonomic system of the section Kolgyda proposed by Boissier (1881), Ehrendorfer et al. (1976) , Ehrendorfer & Schönbeck-Temesy (1982) , Natali et al. (1995 Natali et al. ( , 1996 and Abdel Khalik et al. (2008c) , but partially agree with Soza & Olmstead (2010b) in the classification of the species of this section into two sub-clades.
Section Baccogalium (group 3)
This section includes only G. grande. It has been recognized as a distinct clade with 0.67 genetic similarities and can be clearly defined on the basis of various features: perennial, fleshy-fruited, dioecious and polygamous species. Soza and Olmstead (2010a) studied the fruit morphology and evolution of Galium and they concluded that section Baccogalium is a monophyletic. Our results agree with those authors.
Sections Hylaea and Leptogalium (group 4 A) This group includes G. odoratum (sect. Hylaea) and G. obliquum (sect. Leptogalium) with 0.78 genetic similarities. Natali et al. (1995) recommended a close relationship between G. odoratum and G. corsicum (sect. Leptogalium). These species can be defined on the basis of perennial habit. Soza & Olmstead (2010b) identified Clade III including G. odoratum (sect. Haylaea, sub-clade A) and species of both section Leptogalium (sub-clade B). Our results suggest close relationships between species of both sections and agree with those of Natali et al. (1995) and Soza & Olmstead (2010) .
Section Bataparine (group 4B) This section comprises only G. uniflorum. It has been recognized as a distinct clade with 0.77 genetic similarities. This species can be clearly defined on the basis of various features: perennial, hermaphroditic, glabrous, fleshy fruits to hooked-hairy. Soza & Olmstead (2010b) settled that section Bataparine is a paraphyletic grade. Our results show that G. uniflorum belongs to the clade includes species from different sections as sister to this clade. More data are necessary for deciding this assumption that the section Bataparine is paraphyletic or not.
In conclusion, the present study demonstrated that RAPD, ISSR and cost-effective markers such as RAPD and ISSR together with good statistical tools can be successfully applied to study phylogenetic relationships at the intraspecific level in Galium. Additionally, the large number of polymorphic bands obtained in the present study signifies the power of RAPD and ISSR markers in fingerprinting and diversity analyses. Six clades can be recognized within Galium, which mostly corroborate, but also partly contradict, traditional taxonomic treatments. A remarkable result from this study was to identify a close relationship between members of section Leiogalium and with G. verum and G. humifusum (sect. Galium) and G. angustifolium (sect. Lophogalium). Further support comes from the molecular data of RAPD and ISSR which indicate that the more apomorphic groups of Galium form the section Leiogalium clade including the perennial sections Galium, Lophogalium, Jubogalium, Hylaea and Leptogalium as well as the annual section Kolgyda. However, we believe that molecular and morphological approaches should be combined in order to arrive at a broadly accepted phylogenetic reconstruction of the genus Galium. Moreover, comprehensive study covering further species from different sections of Galium would be necessary to make a more thorough classification.
